Summary. Rams were treated with melatonin implants in 2 experiments designed to examine the control of reproductive seasonality. In Exp. 1, rams (n = 12) were allocated to 3 treatment groups: 2 groups were treated with 2 melatonin implants per ram for 4 months from 11 November (N) and 9 December (D) and the remaining group was untreated (C). The 
Introduction
The onset of the breeding season in rams is characterized by an increase in the frequency of luteiniz¬ ing hormone (LH) pulses detected in the peripheral circulation (Lincoln & Short, 1980; Pelletier et ai, 1982; Sanford et ai, 1984) . Each pulse of LH in peripheral blood is preceded by a pulse of gonadotrophin-releasing hormone (GnRH) in hypophyseal portal blood (Caraty & Locatelli, 1988) , suggesting that the frequency of LH pulses is controlled by the hypothalamus. An increase in LH pulse frequency and testicular development can be induced by a reduction in photoperiod length from 16 h light:8 h dark to 8 h light: 16 h dark (Lincoln, 1976) , indicating that photoperiodic entrainment of reproductive seasonality is mediated via the hypothalamus.
Photoperiodic entrainment of reproductive seasonality in sheep is achieved via melatonin secretion from the pineal gland (Arendt, 1986) . Treatment of rams with melatonin implants during a long photoperiod stimulates testicular development in a way similar to that produced by a reduction in photoperiod length (Lincoln & Ebling, 1985) and it would therefore be predicted that melatonin exerts an effect via the hypothalamus. This appears to be true in ewes as an increase in the duration of melatonin infusion in pinealectomized ewes caused an increase in the frequency of LH pulses (Bittman et ai, 1985) . In contrast, treatment of ewes with melatonin during anoestrus advanced the onset of the breeding season yet caused no apparent increase in the frequency of LH pulses before the onset of oestrous cyclicity (Kennaway et ai, 1982; Poulton et ai, 1987) . These latter observations have led to the suggestion that melatonin may affect reproductive responses by acting on neuroendocrine processes distinct from those regulating GnRH and gonadotrophin release (Poulton et ai, 1987) .
Steroids produced by the testes exert a strong inhibitory feedback action on the hypothalamus as indicated by the marked increase in the frequency of GnRH and LH pulses after castration (Caraty & Locatelli, 1988) . The ability of testosterone to inhibit LH secretion varies with changes in photoperiod length; a less strong steroid negative feedback is found during a short photoperiod (8 h light: 16 h dark) than during a long photoperiod (16 h light:8 h dark) (Pelletier & Ortavant, 1975b; Lincoln, 1984) , thus providing a mechanism whereby photoperiod may entrain the hypo¬ thalamic activity and reproductive state. Photoperiod-induced changes in LH secretion also occur in castrated rams (Pelletier & Ortavant, 1975a; Lincoln, 1984) , indicating that photoperiod can act directly on the hypothalamus.
The aim of the present experiments was to determine whether advancement of testicular devel¬ opment in rams by treatment with melatonin implants is associated with an increase in LH pulse frequency, thereby providing evidence for a hypothalamic site of action for melatonin. The role of steroid feedback in the action of melatonin on seasonality was also investigated by examining the effect of melatonin on the LH secretion in castrated and entire rams. Assay sensi¬ tivity was defined as the 95% confidence interval of duplicate assay blanks and for Exp. 1 was 0-25 ng/ml. Intra-and interassay coefficients of variation were 9-9 and 9-8%, respectively, at 1-2 ng/ml. In Exp. 2 assay sensitivity was 017 ng/ml. Intra-and interassay coefficients of variation were 8-7 and 11-8%, respectively, at 11 ng/ml, and 6-9 and 9-1 %, respectively, at 4-7 ng/ml.
Materials and Methods

Experiment
Castrated rams. Plasma LH concentration was measured by a homologous double-antibody radioimmunoassay based on the protocol developed by Dr A. F. Parlow (Pituitary Hormones and Antisera Centre, Torrance, CA, USA) and supplied with the antiserum (NIADDK-anti-ovineLH-1, AFP-192279). The antiserum was used at a final tube dilution of 1:2 000 000. Cross-reactivities reported by Parlow for the antiserum were 5% with oFSH, 0-6% with oGH. 0-1 % with bTSH and 0001 % with oPRL. The standard curve ranged from 0-625 to 20 ngLH/ml (Cyl085, potency = 3-45 mg NIH-LH-S1, supplied by Dr Y. Combarnous, INRA, Nouzilly, France) made up in plasma from rams (treated with medroxyprogesterone acetate to reduce LH to non-detectable levels) to keep the matrix similar to the sample tubes. Assay blanks consisted of protein buffer (PBS buffer + 0-1% (w/v) BSA), plasma, antiserum and tracer. Parallelism was confirmed by serial dilution of ram plasma with a high concentration of LH. with ram plasma (as used in the standard curve). Assay sensitivity was 0-30 ng/ml. Intra-and interassay coefficients of variation were 121 and 20-6%. respectively, at 1-17 ng/ml, and 3-9 and 15-6%, respectively, at 11-9 ng/ml.
Statistical analysis
Testes diameter was calculated as the mean diameter of left and right testes. Pulses of LH were detected using the method of Goodman & Karsch (1980 Table 1 . There were gross differences in the fitted model between the control group, which completed only one period over the course of the trial, and the 2 melatonin-treated groups, both of which had 2 periods each of approximately half a year (Fig. 1) . This led to estimates of phi, and A which were significantly greater for the control group than for the other two groups. (Fig. 4) . There was no significant difference in testes diameter between melatonin-treated and control rams on any weekly sampling date.
The LH pulse frequency of Group EC rams increased from 5 October to 2 November, remained static until January then increased again by February (Fig. 5a) . The LH pulse frequency of Group EM rams followed a pattern similar to that of control rams until December then increased markedly and was higher than that of control rams in January ( < 005).
The LH pulse profiles of 2 typical rams from each of Groups EC and EM are shown in Fig. 6 . LH pulse frequency was slow in all rams, but increased in Group EM rams in January, 1 month earlier than for Group EC rams.
Castrated rams. The LH pulse frequency of rams in Groups CC and CM (Fig. 5b) had increased dramatically by 4 weeks after castration (P < 0001). The pulse frequency of Group CM rams was lower than that of Group CC rams on 23 November (P < 001). Between 23 November and 4 February, the pulse frequency of Group CM rams increased by 2-2, while that of Group CC rams remained the same (standard error of the difference = 0-56, < 005) and the pulse frequencies of the two groups were similar by 4 February.
The LH pulse profiles of 2 typical rams in Groups CM and CC are shown in Fig. 6(b) . All animals showed a conspicuous response in LH frequency and amplitude to castration. In late November the LH pulse frequency of Group CM rams was less than that for Group CC rams.
Discussion
Fitting a sine curve to the testes diameter and LH pulse frequency data effectively distinguished the controls from both melatonin treatments. Melatonin treatment significantly reduced the period (P) to about 6 months compared with~10 months in controls. Melatonin treatment phase-advanced (phi) both LH pulse frequency and testis size, but only in testis size did November onset of treatment appear phase-advanced compared with the December onset group.
The initial effects of treatment of rams with melatonin implants beginning in November was an earlier increase in LH pulse frequency and accelerated testicular development. This advancement of testicular development is consistent with a previous experiment in which treatment of rams with melatonin implants during an artificial long (16 h light:8 h dark) photoperiod also induced testicu¬ lar growth (Lincoln & Ebling, 1985) . The results of the present experiment show that melatonin advanced testicular development by increasing the frequency of LH pulses and strongly suggest that melatonin has a site of action in the hypothalamus. This supports previous work on ewes in which melatonin treatment also increased LH pulse frequency (Bittman et ai, 1985 (Lincoln & Ebling, 1985) . In both melatonin-treated groups, testicular regression was associated with a low then increasing mean LH pulse frequency. Redevelopment of the testes appeared to lag behind this second increase in LH pulse frequency.
The second cycle of testicular development began in Group in May and in Group D in June.
While the differences in the date at which the second cycles started may be due to the staggered onset of treatments, the differences between groups appeared more closely related to the dates that melatonin treatment ended.
Control Coopworth rams underwent seasonal development of the testes during the experiment and this was associated with an increase in LH pulse frequency, particularly between January and February. Treatment of entire rams with melatonin implants resulted in a marked increase in LH pulse frequency between 6 and 10 weeks after the start of treatment, and 1 month ahead of a similar increase in control rams. The fact that there were no significant effects of melatonin treatment on testes development in the Coopworth rams may represent a breed difference; it is possible that the testes were developing as rapidly as possible and that the increased LH pulse frequency could not enhance this. A dramatic increase in LH pulse frequency was evident in all rams when sampled 4 weeks after castration. Similar effects of castration on pulse frequency were reported after castration of rams in midwinter (Schanbacher & D'Occhio, 1984) . (Caraty & Locatelli, 1988) and a marked depletion of hypothalamic GnRH and pituitary LH content has been reported for the ram after castration (Caraty, 1983) . Finally, it could also be argued that the drop in pulse frequency was a pharmacological effect of melatonin implants which is more evident in the extremely active hypothalamo-pituitary axis of castrated rams. Measurement of GnRH pulses in hypophyseal portal blood would be necessary to answer these questions.
The reduced magnitude of the changes in LH secretion in castrated rams indicates that steroids secreted by the testes play a major role in maintaining normal seasonal changes in LH. It does not necessarily imply that photoperiod has any less effect in the castrates and the neural changes induced by photoperiodic entrainment may be identical in castrated and entire rams. However, the lack of a dampening effect of steroids on LH secretion does not allow the changes in LH pulse frequency to be manifest in an animal which is near the limit of pituitary responsiveness, particu¬ larly with a longer LH clearance rate inhibiting the detection of rapid LH pulses. This is consistent with the view of Lincoln (1984) that steroids are not central to photoperiodic measurement, but have a secondary role in the regulation of normal reproductive functions.
The speed of the response of pulse frequency to melatonin treatment in the castrated (less than 3 weeks) compared with the entire ram (6-10 weeks) indicates that the alterations in steroid feedback may take longer to occur than those of direct photoperiodic drive. This is consistent with the temporal separation of steroid-dependent and steroid-independent effects of LH secretion in the ewe (Robinson et ai, 1985) and with the evidence that different neural systems are responsible for mediating steroid feedback and steroid-independent effects on LH secretion (Meyer & Goodman, 1986) .
